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Genome Annotation 



What next? 
GGGATTGAGAGTGATCACTCACGCTAACGTCTGCCCTGTTCCTGTATGGTGAGGCCGCAC!
CACAAGCCACCACCGCCGCCGCCTTCTGCGCAACGCCAACCGCCCGCCAAAACGGATCCT!
TCCCTGCGCCTGCGCAACCAATCTTGGGACCGGACCTTTTTTCTCCGCCCACTACGCATG!
CGCAAAGCTAGGACAAACTCCCGCCAACACGCAGGCGCCGTAGGTTCACTGCCTACTCCT!
GCCCGCCATTTCACGTGTTCTCAGAGGCAGGTGGAACTTCTTAATGCGCCTGCGCAAAAC!
TCGCCATTTTACTACACGTGCGGTCAACAAGAGTTCATTGCAAAAAAATTGTTACCTCCT!
AGCTGCTTGTCTAATACATAGTGTTAATCATGCTTTGCCAAGCGACTTGACTGTAATATT!
TGCGCGTGGAAGATTAAAAAGATGTTAAACACCCAAGGTAGATTCAAATGTGAATGATTG!
GTCGGTTGGCCAATCAGACTGGTTAACAATAACATTACTCGGGAACCAATGGACTCCAAG!
GGGTGGAGACGGCGTAGAACGACCGAAGGAATGACGTTACACAGCAATGTGGCACCACAG!
GCCAATAGCAGGGGGAAGCGATTTCAAGTATCCAATCAGAGCTGTTCTAGGGCGGAGTCT!
ACCAATGCCGAAAGCGAGGAGGCGGGGTAAAAAAGAGAGGGCGAAGGTAGGCTGGCAGAT!
ACGTTCGTCAGCTTGCTCCTTTCTGCCCGTGGACGCCGCCGAAGAAGCATCGTTAAAGTC!
TCTCTTCACCCTGCCGTCATGTCTAAGTCAGAGGTGAGTTAGGCGCGCTTTCCCACTTGA!
ATTTTTTCCTCTCCCTTTCCTGAATCGGTAAGATGCTGCTGGGTTTCGTTCCTTGCACCA!
GCCCATTCTACAGTTCCTTCGGTCGCTGCCACGGCCTACCCCTCCCAAAGTTCAAGTCGC!
CATTTTGTCCTCTTGATCGCCATGAGGCCGCTCTCCGCCAACCATGTGTTATCATGCGGG!
ACTCGTTACTCGTAGCAAAATTCTTAGGCACACAGGATCTTTGTCTTTTTTTAAACCTTG!
CCTTGGTGAGCGAGTTTTCTAAAGAGCGATTAGTCCCATTGTGGAGATGCACCCCTACCG!
CCCAAGCCTTTGTTGCGCGTGCGTCGGAAGGCGACTAGGGACGCATGCGCTTGCGATTTC!
CTAGCACTCCCAACTCCAGCATACGGCCTCCCTTGATAGGCAGAAGCACGTGTCTTGTTG!
CGACCTGAACGAACAATAAGTGCTAGGTACACAGTTGGTGTCTAGTTTTTCTTTTCCTCG!
ATGGAAATTGTTTCGTGTTGTAGCCCATTTAACACTTCCCCCTCCCCCCACTCTAGTCTC!



The ultimate biological index 

All biological molecules are 
encoded in some manner in 
the genome  
 
…as is cellular response 
 
…as is development 
 
 



Genome Annotation 

Gene Structures 

Variation 

Transcription Factor 
Binding, 
Chromatin States 

Genome 



Generation, Integration, Annotation 

Generate 

High quality data 
Good data stds 
Public availability(!) 

Integrate 

Map to genome sequence 
Make non redundant 
Call 

Annotate 

Provide initial labeling 
Understand (a bit more…) 



Science, February 1995 



Human Genome Sequence in INSDC 
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CSH 1999 

Draft 

Finished 

CSH 2000 

ca. 35,000 genes 
predicted 



Ensembl (circa 2001!) 

AC01256.0012 AC01256.0008 Z88976.0001 AC01256.0007 

AC01256.0012 AC01256.0008 Z88976.0001 AC01256.0007 

AC01256.0012 AC01256.0008 Z88976.0001 AC01256.0007 



Web Site Contig view 



Estimated number of genes 

•  Chromosome 22 
•  549 +  (~100) genes 
•  1.1 % of genome 
•  50,000 genes (59,000) 

•  Chromosome 21 
•  225 genes in Chr21 
•  1.1 % of genome 
•  20,500 genes 

•  Ensembl 
•  38,000 genes 



Distribution of bets for the number of protein 
coding genes (2001) 

True Answer, 21,000 – 22,000 



Variation 

Generate Integrate Annotate 

SNP Consortium 
Perlgen 
HapMap 
1,000 Genomes 
 dbSNP RefSNP 

1000 Genomes Pipeliens 

Frequency, LD 
VEP, VAAST  



TFs and Chromatin 

Generate Integrate Annotate 

ENCODE 
Epigenome Roadmap 
IHEC 
Individual Studies 

ENCODE/Epigenome Pipelines 
Ensembl Regulatory Build 
RegulomeDB 

? Chromatin State 
4C/5C Experiments? 



ENCODE 



ENCODE Dimensions 

Methods/Factors 

C
el

ls
 

18
2 

C
el

l L
in

es
/ T

is
su

es
 

164 Assays (114 different Chip) 

3,010 Experiments 
5 TeraBases 
1716x of the Human Genome 



A consortium effort… 

11 Main, multi Site groups 
   ~50 Laboratories in total 
 
10 additional groups 
 
30 “lead” PIs 
 
~410 Authors on the main  
Paper 
 
6 “high profile” papers 
~25-30 companion papers 

Alexias Safi @Duke 
Steve Landt @Stanford 

Flo Pauli @HA Chuck Epstein @Broad 

Jen Harrow @Sanger 

Carrie Davis@CSHL Raj Kaul@UW 
Kate Rosenbloom@UCSC 



ENCODE Uniform Analysis Pipeline 

Mapped reads from production (Bam) 

Uniform Peak Calling Pipeline (SPP, PeakSeq) 

IDR Processing, QC and Blacklist Filtering 

Motif Discovery Stats, GSC 
enrichments, etc. 

Signal Aggregation  
over peaks 

Signal Generation 
(read extension and mappability correction) 

Segmentation 

Poor reproducibility Good  reproducibility 

Rep1 

R
ep

2 

Self Organising Maps 

ChromHMM/Segway 

Anshul Kundaje, Qunhua Li, Michael Hoffman, Jason Ernst, Joel Rozowsky, Pouya Kheradpour   



Irreproducible Discovery Rate (IDR) 

If one re-ran the experiment, what is the probability one 
would observe the same element at this rank or better 
 
Uses ranked element lists from two replicates, and makes  
the assumption that there is noise at the bottom of the rank 
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Ben Brown, Qunhau Li, Peter Bickel 



Raw genome coverage of elements 

Element Type Coverage Cumulative Coverage 

Exons 3% 3% 

Chip-seq bound motifs 4.5% 5% 

DNaseI Footprints 5.7% 9% 

Chip-seq bound regions 8.1% 12% 

DNaseI HS regions 15.2% 19.4% 

Histone Modifications (*) 44% 49% 

RNA 62% 80% 

(* excluding broad marks) 

Region 

Bound Motif/ 
Footprint 

(Union over all experiments and cell types) 
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Most aggressive 
fit for saturation 
suggests a maximum 
of 50% of elements 
discovered 
 
Likely to be lower 
due to inaccessible 
cell types etc  

Steve Wilder 



Evenly spaced over the genome 

99% of the genome is within 1.7 KB of a biochemical event 
 
95% of the genome is within 8 KB of a bound motif or footprint 



Many other stories… 

18#

K562#Whole-genome#
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TF Co association,  
Mike Snyder+Mark Gerstein 

Splicing/Histone interaction (Roderic Guigo) 

RNA landscape 
Tom Gingeras 

DNAseI footprints – John Stam. 
DNA Methylation – Rick Myers 



Discovering functional genome segments 
Well understood: 

 TSS, Gene Start, 
            Gene Bodies 
 
Reassuringly Interesting 
           “Enhancers” (2 states) 
           Insulators 
 
Definitely There, Unexpected 
           Specific Gene End 
 
Sub-classification of Repeats            
 

~7 Major flavours of genome 
25 “elaborations” 
1,000s of details  

Michael Hoffman, Jason Ernst, Bill Noble, Manolis Kellis 



Fish Transgenics 

•  7 strong positives, 6 negatives from Segmentation, 3 Blood 

•  2 strong positives,  4 weak, 5 negatives from Naïve picks 
(Fisher’s Exact 0.0393) 

With Wittbrodt Lab, Heidelberg 
 



Many other stories… 

18#

K562#Whole-genome#
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TF Co association,  
Mike Snyder+Mark Gerstein 

Splicing/Histone interaction (Roderic Guigo) 

RNA landscape 
Tom Gingeras 

DNAseI footprints – John Stam. 
DNA Methylation – Rick Myers 
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Reported SNP  
 
Statistically associated 
with the phenotype 

fSNP 
 
✔ Associated with the phenotype  
✔ In a functional region 

Genome Wide Association 
Studies (GWAS) Results 

Linkage 
Disequilibrium  

ENCODE Functional 
Region 

Functional SNPs 
Belinda Giardine, Marc Shaub, Ross Hardison, Mike Snyder, John Stam.  
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fSNP Direct Hit 
 
✔ Association reported in a GWAS  
✔ In a functional region 

Genome Wide Association 
Studies (GWAS) Results 

ENCODE Functional 
Region 

Functional SNP - Direct Hit 



Direct hits 
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TOTAL 4860 600 78 57 69 69 72 47 47 71 54 35 54 29 44 28 48 50 38 35 45 37 37 44 62 33 57 46 62 40 55 47 70 85 118 62 192 57 81

Height 204 34 � � � � � 1 � 2 � 2 � 0 4 � � 2 � � � 2 0 2 � 1 2 0 2 � 4 � � � � 4 � � �
Systemic_lupus_erythematosus 62 10 4 � � 2 1 1 4 0 1 4 1 1 4 2 0 1 2 � 4 2 1 0 1 0 0 0 0 1 1 1 1 2 0 0 4 2 1

Crohn's_disease 105 20 2 2 2 2 1 2 2 0 2 1 2 � 1 1 1 � 2 1 1 0 2 1 1 2 1 2 � 2 � 1 � � � � � � �
Ulcerative_colitis 85 11 2 � � 0 1 2 � 1 � � 1 2 � 2 1 1 2 1 2 2 0 2 2 1 0 2 2 0 1 1 � 2 � � � 2 �
Multiple_sclerosis 71 15 4 � � 1 0 � 4 2 4 2 0 2 2 1 0 2 4 � 2 � 0 � 1 0 0 0 0 0 0 0 0 1 1 � � 4 �

Rheumatoid_arthritis 57 11 4 2 2 1 0 4 � 0 4 4 0 0 1 1 0 0 1 0 2 2 0 1 0 0 0 0 0 0 0 0 0 2 2 1 11 � 1

LDL_cholesterol 45 8 0 0 0 2 2 1 0 4 1 0 1 0 1 0 1 0 0 0 0 0 � 0 � 2 � 2 2 1 1 � 1 0 2 1 0 1 0

Bone_mineral_density 65 9 1 1 1 1 2 2 2 1 2 1 1 0 2 2 2 0 1 2 1 1 0 0 1 0 2 2 � 1 1 1 2 2 4 � � 2 �
Coronary_heart_disease 107 17 2 0 0 2 4 0 0 4 1 2 0 2 0 0 1 1 1 0 0 1 1 1 � 1 2 2 2 1 1 1 � 2 � 0 � 0 1

Chronic_lymphocytic_leukemia 17 8 1 4 � 0 0 � 1 0 2 1 0 0 2 0 1 0 2 1 1 2 0 1 0 1 0 0 0 0 0 0 1 0 0 0 2 0 1

Prostate_cancer 56 8 0 0 0 0 0 0 0 1 0 0 2 1 0 0 � 2 0 0 0 0 2 1 1 4 � � � 0 0 2 2 � 1 1 2 0 1

Triglycerides 48 10 0 0 0 1 2 0 0 2 1 0 2 1 1 0 2 2 0 0 0 0 � 1 2 1 2 2 1 2 2 � 0 2 1 0 2 1 0

Celiac_disease 54 11 4 � � 0 2 2 1 1 1 2 0 0 1 0 0 0 0 1 1 1 1 0 1 1 1 1 2 0 1 2 0 0 0 2 2 1 2

Colorectal_cancer 18 5 0 0 0 1 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 2 � � � 0 0 2 2 0 1 0 2 0 1

Hematological_parameters 85 12 � 0 0 � 1 0 � 0 1 1 2 0 0 0 2 0 1 1 2 2 1 1 0 0 1 1 1 0 0 0 1 1 � � � � �
HIV-1_control 55 10 0 2 4 1 2 0 1 2 2 0 0 0 1 0 0 0 1 1 1 1 1 1 2 1 1 2 1 0 0 1 0 0 0 0 2 1 0

Protein_quantitative_trait_loci 48 7 2 2 2 0 0 2 1 1 1 0 0 1 2 2 1 0 2 1 2 1 0 0 1 0 0 0 0 0 0 1 1 1 2 1 2 1 1

Alzheimer's_disease 42 5 0 0 0 1 2 0 0 1 0 0 2 0 0 0 0 1 0 0 0 0 1 1 1 0 1 1 0 2 2 1 1 2 0 0 2 0 1

HDL_cholesterol 55 8 1 0 0 1 1 0 0 2 1 0 1 0 0 0 1 2 0 0 0 1 2 1 1 1 2 2 2 1 1 2 0 1 2 0 � 1 0

Cholesterol 16 6 1 0 0 0 2 0 0 2 2 0 1 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 0 2 1 1 0 0 2 0 1 1 0

Longevity 30 5 0 2 � 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 1 2 0 2 1 0 0 1

Attention_deficit_hyperactivity_disorder 102 9 0 0 0 1 2 0 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 2 0 1 0 0

Cognitive_performance 111 8 0 0 2 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 � 0 0 0 0

Type_2_diabetes 97 13 0 0 0 1 1 2 1 1 1 0 1 1 0 0 2 1 1 1 1 0 0 � 1 0 0 0 0 2 1 0 1 0 2 0 4 0 0

Conduct_disorder 38 5 0 1 1 1 � 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 0 0 1 2 2 1 0 1

Type_1_diabetes 67 7 2 1 1 0 0 2 1 0 1 1 0 0 1 0 0 0 1 0 1 0 0 1 1 1 1 2 2 0 1 0 1 0 2 1 � 1 1

Dialysis-related_mortality 26 6 1 0 0 1 1 1 0 0 0 0 2 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 2 1 0 0 1

Bipolar_disorder 110 6 1 0 0 2 1 0 0 1 0 0 0 1 0 0 0 � 0 0 0 0 1 0 1 0 0 0 0 0 0 1 2 � 1 0 2 0 1

Body_mass 98 5 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 � 0 1 0 0

C-reactive_protein 34 7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 2 1 0 0 1

Menarche_and_menopause 62 6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0 2 1 1 0

Breast_cancer 43 6 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 2 2 0 0

Mean_platelet_volume 15 5 1 0 0 0 0 1 0 0 1 0 0 0 0 0 2 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 2 0 1

Soluble_levels_of_adhesion_molecules 5 5 1 0 1 1 0 1 0 2 1 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Psoriasis 38 6 1 1 2 0 0 2 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 4 0 0

Parkinson's_disease 46 5 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0

Obesity 36 5 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fasting_glucose-related_traits 17 5 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 1 1 1 0 0

1.3/1.2 enrichment 
vs matched null. 

Ross Hardison, Belinda Giardine, Marc Schaub  

GWAS snps 
Matched null 
Genotyping Array 
1,000 genomes  
69 CG Genomes 

When you extend to SNPs in high LD, GWAS SNPs overlap by 80% 



Association of TF or Cell Type with Disease 
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TOTAL 4860 600 78 57 69 69 72 47 47 71 54 35 54 29 44 28 48 50 38 35 45 37 37 44 62 33 57 46 62 40 55 47 70 85 118 62 192 57 81

Height 204 34 � � � � � 1 � 2 � 2 � 0 4 � � 2 � � � 2 0 2 � 1 2 0 2 � 4 � � � � 4 � � �
Systemic_lupus_erythematosus 62 10 4 � � 2 1 1 4 0 1 4 1 1 4 2 0 1 2 � 4 2 1 0 1 0 0 0 0 1 1 1 1 2 0 0 4 2 1

Crohn's_disease 105 20 2 2 2 2 1 2 2 0 2 1 2 � 1 1 1 � 2 1 1 0 2 1 1 2 1 2 � 2 � 1 � � � � � � �
Ulcerative_colitis 85 11 2 � � 0 1 2 � 1 � � 1 2 � 2 1 1 2 1 2 2 0 2 2 1 0 2 2 0 1 1 � 2 � � � 2 �
Multiple_sclerosis 71 15 4 � � 1 0 � 4 2 4 2 0 2 2 1 0 2 4 � 2 � 0 � 1 0 0 0 0 0 0 0 0 1 1 � � 4 �

Rheumatoid_arthritis 57 11 4 2 2 1 0 4 � 0 4 4 0 0 1 1 0 0 1 0 2 2 0 1 0 0 0 0 0 0 0 0 0 2 2 1 11 � 1

LDL_cholesterol 45 8 0 0 0 2 2 1 0 4 1 0 1 0 1 0 1 0 0 0 0 0 � 0 � 2 � 2 2 1 1 � 1 0 2 1 0 1 0

Bone_mineral_density 65 9 1 1 1 1 2 2 2 1 2 1 1 0 2 2 2 0 1 2 1 1 0 0 1 0 2 2 � 1 1 1 2 2 4 � � 2 �
Coronary_heart_disease 107 17 2 0 0 2 4 0 0 4 1 2 0 2 0 0 1 1 1 0 0 1 1 1 � 1 2 2 2 1 1 1 � 2 � 0 � 0 1

Chronic_lymphocytic_leukemia 17 8 1 4 � 0 0 � 1 0 2 1 0 0 2 0 1 0 2 1 1 2 0 1 0 1 0 0 0 0 0 0 1 0 0 0 2 0 1

Prostate_cancer 56 8 0 0 0 0 0 0 0 1 0 0 2 1 0 0 � 2 0 0 0 0 2 1 1 4 � � � 0 0 2 2 � 1 1 2 0 1

Triglycerides 48 10 0 0 0 1 2 0 0 2 1 0 2 1 1 0 2 2 0 0 0 0 � 1 2 1 2 2 1 2 2 � 0 2 1 0 2 1 0

Celiac_disease 54 11 4 � � 0 2 2 1 1 1 2 0 0 1 0 0 0 0 1 1 1 1 0 1 1 1 1 2 0 1 2 0 0 0 2 2 1 2

Colorectal_cancer 18 5 0 0 0 1 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 2 � � � 0 0 2 2 0 1 0 2 0 1

Hematological_parameters 85 12 � 0 0 � 1 0 � 0 1 1 2 0 0 0 2 0 1 1 2 2 1 1 0 0 1 1 1 0 0 0 1 1 � � � � �
HIV-1_control 55 10 0 2 4 1 2 0 1 2 2 0 0 0 1 0 0 0 1 1 1 1 1 1 2 1 1 2 1 0 0 1 0 0 0 0 2 1 0

Protein_quantitative_trait_loci 48 7 2 2 2 0 0 2 1 1 1 0 0 1 2 2 1 0 2 1 2 1 0 0 1 0 0 0 0 0 0 1 1 1 2 1 2 1 1

Alzheimer's_disease 42 5 0 0 0 1 2 0 0 1 0 0 2 0 0 0 0 1 0 0 0 0 1 1 1 0 1 1 0 2 2 1 1 2 0 0 2 0 1

HDL_cholesterol 55 8 1 0 0 1 1 0 0 2 1 0 1 0 0 0 1 2 0 0 0 1 2 1 1 1 2 2 2 1 1 2 0 1 2 0 � 1 0

Cholesterol 16 6 1 0 0 0 2 0 0 2 2 0 1 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 0 2 1 1 0 0 2 0 1 1 0

Longevity 30 5 0 2 � 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 1 2 0 2 1 0 0 1

Attention_deficit_hyperactivity_disorder 102 9 0 0 0 1 2 0 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 2 0 1 0 0

Cognitive_performance 111 8 0 0 2 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 � 0 0 0 0

Type_2_diabetes 97 13 0 0 0 1 1 2 1 1 1 0 1 1 0 0 2 1 1 1 1 0 0 � 1 0 0 0 0 2 1 0 1 0 2 0 4 0 0

Conduct_disorder 38 5 0 1 1 1 � 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 0 0 1 2 2 1 0 1

Type_1_diabetes 67 7 2 1 1 0 0 2 1 0 1 1 0 0 1 0 0 0 1 0 1 0 0 1 1 1 1 2 2 0 1 0 1 0 2 1 � 1 1

Dialysis-related_mortality 26 6 1 0 0 1 1 1 0 0 0 0 2 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 2 1 0 0 1

Bipolar_disorder 110 6 1 0 0 2 1 0 0 1 0 0 0 1 0 0 0 � 0 0 0 0 1 0 1 0 0 0 0 0 0 1 2 � 1 0 2 0 1

Body_mass 98 5 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 � 0 1 0 0

C-reactive_protein 34 7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 2 1 0 0 1

Menarche_and_menopause 62 6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0 2 1 1 0

Breast_cancer 43 6 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 2 2 0 0

Mean_platelet_volume 15 5 1 0 0 0 0 1 0 0 1 0 0 0 0 0 2 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 2 0 1

Soluble_levels_of_adhesion_molecules 5 5 1 0 1 1 0 1 0 2 1 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Psoriasis 38 6 1 1 2 0 0 2 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 4 0 0

Parkinson's_disease 46 5 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0

Obesity 36 5 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fasting_glucose-related_traits 17 5 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 1 1 1 0 0

Ross Hardison, Belinda Giardine  



Zoom in… 
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TOTAL 4860 600 78 57 69 69 72 47 47 71 54 35 54 29 44 28 48 50 38 35 45 37 37 44 62 33 57 46 62 40 55 47 70 85 118 62 192 57 81

Height 204 34 � � � � � 1 � 2 � 2 � 0 4 � � 2 � � � 2 0 2 � 1 2 0 2 � 4 � � � � 4 � � �
Systemic_lupus_erythematosus 62 10 4 � � 2 1 1 4 0 1 4 1 1 4 2 0 1 2 � 4 2 1 0 1 0 0 0 0 1 1 1 1 2 0 0 4 2 1

Crohn's_disease 105 20 2 2 2 2 1 2 2 0 2 1 2 � 1 1 1 � 2 1 1 0 2 1 1 2 1 2 � 2 � 1 � � � � � � �
Ulcerative_colitis 85 11 2 � � 0 1 2 � 1 � � 1 2 � 2 1 1 2 1 2 2 0 2 2 1 0 2 2 0 1 1 � 2 � � � 2 �
Multiple_sclerosis 71 15 4 � � 1 0 � 4 2 4 2 0 2 2 1 0 2 4 � 2 � 0 � 1 0 0 0 0 0 0 0 0 1 1 � � 4 �

Rheumatoid_arthritis 57 11 4 2 2 1 0 4 � 0 4 4 0 0 1 1 0 0 1 0 2 2 0 1 0 0 0 0 0 0 0 0 0 2 2 1 11 � 1

LDL_cholesterol 45 8 0 0 0 2 2 1 0 4 1 0 1 0 1 0 1 0 0 0 0 0 � 0 � 2 � 2 2 1 1 � 1 0 2 1 0 1 0

Bone_mineral_density 65 9 1 1 1 1 2 2 2 1 2 1 1 0 2 2 2 0 1 2 1 1 0 0 1 0 2 2 � 1 1 1 2 2 4 � � 2 �
Coronary_heart_disease 107 17 2 0 0 2 4 0 0 4 1 2 0 2 0 0 1 1 1 0 0 1 1 1 � 1 2 2 2 1 1 1 � 2 � 0 � 0 1

Chronic_lymphocytic_leukemia 17 8 1 4 � 0 0 � 1 0 2 1 0 0 2 0 1 0 2 1 1 2 0 1 0 1 0 0 0 0 0 0 1 0 0 0 2 0 1

Prostate_cancer 56 8 0 0 0 0 0 0 0 1 0 0 2 1 0 0 � 2 0 0 0 0 2 1 1 4 � � � 0 0 2 2 � 1 1 2 0 1

Triglycerides 48 10 0 0 0 1 2 0 0 2 1 0 2 1 1 0 2 2 0 0 0 0 � 1 2 1 2 2 1 2 2 � 0 2 1 0 2 1 0

Celiac_disease 54 11 4 � � 0 2 2 1 1 1 2 0 0 1 0 0 0 0 1 1 1 1 0 1 1 1 1 2 0 1 2 0 0 0 2 2 1 2

Colorectal_cancer 18 5 0 0 0 1 0 0 0 1 0 0 2 0 0 0 0 0 0 0 0 0 2 0 0 2 � � � 0 0 2 2 0 1 0 2 0 1

Hematological_parameters 85 12 � 0 0 � 1 0 � 0 1 1 2 0 0 0 2 0 1 1 2 2 1 1 0 0 1 1 1 0 0 0 1 1 � � � � �
HIV-1_control 55 10 0 2 4 1 2 0 1 2 2 0 0 0 1 0 0 0 1 1 1 1 1 1 2 1 1 2 1 0 0 1 0 0 0 0 2 1 0

Protein_quantitative_trait_loci 48 7 2 2 2 0 0 2 1 1 1 0 0 1 2 2 1 0 2 1 2 1 0 0 1 0 0 0 0 0 0 1 1 1 2 1 2 1 1

Alzheimer's_disease 42 5 0 0 0 1 2 0 0 1 0 0 2 0 0 0 0 1 0 0 0 0 1 1 1 0 1 1 0 2 2 1 1 2 0 0 2 0 1

HDL_cholesterol 55 8 1 0 0 1 1 0 0 2 1 0 1 0 0 0 1 2 0 0 0 1 2 1 1 1 2 2 2 1 1 2 0 1 2 0 � 1 0

Cholesterol 16 6 1 0 0 0 2 0 0 2 2 0 1 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 0 2 1 1 0 0 2 0 1 1 0

Longevity 30 5 0 2 � 1 1 0 0 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 1 2 0 2 1 0 0 1

Attention_deficit_hyperactivity_disorder 102 9 0 0 0 1 2 0 0 1 0 1 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0 2 0 1 0 0

Cognitive_performance 111 8 0 0 2 1 1 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 � 0 0 0 0

Type_2_diabetes 97 13 0 0 0 1 1 2 1 1 1 0 1 1 0 0 2 1 1 1 1 0 0 � 1 0 0 0 0 2 1 0 1 0 2 0 4 0 0

Conduct_disorder 38 5 0 1 1 1 � 0 1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 2 0 0 1 2 2 1 0 1

Type_1_diabetes 67 7 2 1 1 0 0 2 1 0 1 1 0 0 1 0 0 0 1 0 1 0 0 1 1 1 1 2 2 0 1 0 1 0 2 1 � 1 1

Dialysis-related_mortality 26 6 1 0 0 1 1 1 0 0 0 0 2 1 0 0 0 1 0 0 0 0 0 0 0 0 1 1 1 1 1 0 0 1 2 1 0 0 1

Bipolar_disorder 110 6 1 0 0 2 1 0 0 1 0 0 0 1 0 0 0 � 0 0 0 0 1 0 1 0 0 0 0 0 0 1 2 � 1 0 2 0 1

Body_mass 98 5 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 � 0 1 0 0

C-reactive_protein 34 7 0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 1 0 0 1 1 0 1 0 2 1 0 0 1

Menarche_and_menopause 62 6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 1 0 0 2 1 1 0

Breast_cancer 43 6 1 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 1 2 2 0 0

Mean_platelet_volume 15 5 1 0 0 0 0 1 0 0 1 0 0 0 0 0 2 0 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 2 0 1

Soluble_levels_of_adhesion_molecules 5 5 1 0 1 1 0 1 0 2 1 1 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Psoriasis 38 6 1 1 2 0 0 2 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 4 0 0

Parkinson's_disease 46 5 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0

Obesity 36 5 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Fasting_glucose-related_traits 17 5 1 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 1 1 1 1 1 0 0

Ross Hardison, Belinda Giardine  



Organisation+Access for the data 
“Factorbook” wwww.encodeproject.org (UCSC) 

UCSC Genome Browser Ensembl 

Raw Data in GEO/SRA 



Ensembl Regulation •  Integration over ENCODE, NIH 
Epigenome Roadmap, IHEC, some 
individual lab 

•  “Experiment”, not per-replicate level 
view, only QC passed data 

•  Progressive integration into “one 
track” on the genome 

•  Integration into VEP - variant effect 
predictor (with SIFT and POLYPHEN 
as well!) 

•  Future: 
•  Linking of genes to regulatory 

element, Linking of tfs to 
phenotypes 

•  Ensembl workshops (we come to 
you) 

•  Ensembl course (you come to us) 
•  helpdesk@ensembl.org 



And… just for fun… 



Over a beer… 

Ha! At some point all the data we 
Store is going to be DNA… 

Of course, the cost effective way 
To store this would be as DNA… 
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Figure 2  |  Digital information encoded in  
DNA.  Digital information (A, in blue), here  
binary digits holding the ASCII codes for part  
of Shakespeare’s sonnet 18, was converted to  
base-3 (B, red) using a Huffman code.  This in  
turn was converted in silico to our DNA code  
(C, green), with no homopolymers, which formed the basis for a large number of overlapping 
DNA segments each containing 100 bases of encoded information (D, green or, with alternate 
segments reverse complemented for added data security, violet) and with orientation and 
indexing DNA codes added (yellow, as described in the text).  These strings were 
synthesised, sequenced and decoded.  E, A digital photograph of the EMBL-European 
Bioinformatics Institute (JPEG 2000 format) and F, an extract of the Watson and Crick 
(1953) paper10 (PDF format) that were among the files encoded in DNA and successfully 
recovered in this study. 
 

E F 



Cost effective? 
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Figure 3  |  Cost-effectiveness of DNA-storage.  A, the graph shows the minimal effect on 
break-even times for DNA-storage (x-axis) for various values of the ratio of diminishing to 
fixed costs of tape storage transition events (Rdim/Rfix = 0, 1, 5).  A range of plausible values 
of the relative values (per unit information content) of the cost of synthesising DNA-storage 
and the fixed costs of each tape transfer are shown (y-axis > ~10).  The plot assumes tape 
transfers occur every 3 years; results are qualitatively the same for 5-year transition periods.  
Consequently, we have assumed Rdim/Rfix = 1.  See also Methods.  B, Timescales for which 
DNA-storage is cost-effective.  The blue curve indicates the break-even time (x-axis) beyond 
which DNA-storage is less expensive than tape, assuming the tape archive has to be read and 
re-written every 3 years (f = 1/3), depending on the relative cost of DNA-storage synthesis and 
tape transfer fixed costs (y-axis).  The red curve corresponds to tape transfers every 5 years.  
The green-shaded region indicates cases for which DNA-storage is cost-effective when 
transfers occur more frequently than every 5 years; in the yellow-shaded region, DNA-storage 
is cost-effective when transfers occur from 3- to 5-yearly; and in the red-shaded region tape is 
less expensive when transfers occur less frequently than every 3 years.  The dotted horizontal 
lines indicate ranges of relative costs of DNA synthesis to tape transfer of 125–500 (current 
values) and 12.5–50 (achieved if DNA synthesis costs reduce by an order of magnitude).  
Note the logarithmic scales on all axes.  
 

A B 
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*** NHGRI Groups *** 
Laura Elnitski (38), Elliott H. Margulies (31), Stephen C. J. Parker (31), Hanna M. Petrykowska (38). 
 
*** Duke University, EBI, University of Texas, Austin, University of North Carolina-Chapel Hill Group *** 
Gregory E. Crawford (37), Terrence S. Furey (24), Paul G. Giresi (18), Linda L. Grasfeder (18), Vishwanath R. Iyer 
(9), Damian Keefe (1), Seul Ki Kim (18), Min Jae Kim (18), Bum-Kyu Lee (9), Jason D. Lieb (18), Zheng Liu (9), Darin 
London (17), Ryan M. McDaniell (9), Joanna O. Mieczkowska (18), Piotr A. Mieczkowski (62), Yunyun Ni (9), Naim U. 
Rashid (63), Alexias Safi (17), Matthew R. Schaner (18), Nathan C. Sheffield (17), Christopher Shestak (18), 
Kimberly A. Showers (18), Jeremy M. Simon (18), Lingyun Song (17), Tianyuan Wang (17), Deborah Winter (17), 
Zhancheng Zhang (24), Zhuzhu Z. Zhang (18), Ewan Birney (1), Akshay A. Bhinge (9), Anna Battenhouse (9), 
Sheera Adar (18). 
 
*** Lawrence Berkeley National Laboratory Group *** 
Matthew J. Blow (64), Axel Visel (64), Len A. Pennachio (65). 
 
*** Cold Spring Harbor, University of Geneva, Center for Genomic Regulation, Barcelona, RIKEN, University of 
Lausanne, Genome Institute of Singapore Group *** 
Sarah Djebali (22), Carrie A. Davis (4), Angelika Merkel (29), Alex Dobin (4), Timo Lassmann (28), Ali Mortazavi (30), 
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(20), James B. Brown (20), Haiyan Huang 
(20), Qunhua Li (20), Jingyi Jessica Li (88), 
William Stafford Noble (89), Jeffrey A. 
Bilmes (90), Orion J. Buske (16), Michael 
M. Hoffman (16), Avinash D. Sahu (16), 
Peter V. Kharchenko (91), Peter J. Park 
(91), Zhiping Weng (23), Sowmya Iyer (27), 
Xianjun Dong (23), Melissa Greven (23), 
Xinying Lin (23), Jie Wang (23), Hualin S. 
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Why we need a infrastructure 



Infrastructures are critical… 



But we only notice them when they go wrong 
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How? 

Robust 
Central Node 
(EBI) 
Transnational 

Robust network with a strong hub Node 
 
“Domain 
Specific hub” 
 
“National” 

CRG Provides 
EGA collaboration 
 

SIB: 
UniProt Collab, 
SwissModel etc 

BILS: HPA 
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Research Healthcare 



Other infrastructures needed for biology 

•  EuroBioImaging 
•  Cellular and whole organism Imaging 

•  BioBanks (BBMRI) 
•  We need numbers – European populations – in particular for rare 

diseases, but also for specific sub types of common disease 
•  Mouse models and phenotypes (Infrafrontier) 

•  A baseline set of knockouts and phenotypes in our most tractable 
mammalian model 

•  (it’s hard to prove something in human) 
•  Robust molecular assays in a clinical setting (EATRIS) 

•  The ability to reliably use state of the art molecular techniques in a 
clinical research setting 



(you can follow me on twitter @ewanbirney) 
I blog and update this on Google Plus publically 

EMBL-EBI is funded by the 20 member states of EMBL, 
Wellcome Trust, European Union FP7, NIH, BBSRC, MRC  
and over 20 other funding agencies 


